Over 500,000 km 3 of intermediate-to silicic-composition ash flow tuffs and lavas were erupted from large-volume volcanic fields in western North America during the middle to late Cenozoic. Of the commonly used isotope systems, Nd isotope data provide the best constraint on the proportions of crust and mantle components in the tuffs; all tuffs that have been studied contain a major, often dominant, mantle component. The proportion of mantle to crustal components is best constrained for ash flow tuffs that were erupted on Precambrian crust. There is no simple correlation between inception of extensional faulting with development of calderas, although all calderas formed in or adjacent to regions that ultimately underwent crustal extension to some degree. Similarly, there are no first-order correlations between the proportion of mantle-derived component in the silicic magmas and the tectonic setting. The common thread to all caldera complexes is that they are generated by large fluxes of mantle-derived basaltic magmas. Detailed isotopic and petrologic studies of several caldera complexes indicate that the silicic magmas were fundamentally derived by fractional crystallization of mantlederived magmas, accompanied by assimilation of continental crust. Cenozoic caldera-related magmatism in western North America represents a major episode of crustal growth and hybridization; crustal growth rates in the Cenozoic may rival those that occurred in the Proterozoic during initial crust formation. New results of petrologic and isotopic studies of multicyclic caldera complexes in the northern Rio Grande rift region, in addition to several other areas of the western United States, confirm previous models that predict large changes in O, Sr, and Nd isotope compositions of the crust during injection of mantle-derived basaltic magmas. Continued injection of basaltic magmas results in an increase in the mean density of the crust, which may be reflected in upward movement of the locus of silicic magma evolution in the crust; such changes may be monitored in areas underlain by ancient crust using Pb isotope ratios if the crust is stratified in U/Pb ratios. If accompanied by assimilation, crystallization of mantle-derived magmas that stall near the crust-mantle boundary will return crustal components to the mantle in the form of mafic and ultramafic cumulates, in addition to producing a petrologically complex crust-mantle boundary. This model can explain many geophysical characteristics of the crust and upper mantle in western North America and supports the conclusions of many recent studies of lower crustal xenoliths, which propose recent magmatic underplating in tectonically active regions.
. Predicted present-day ENd values for Proterozoic rocks in
Colorado and New Mexico, based on measured Sm and Nd concentrations. Source for oldest rocks assumed to be depleted mantle at 1800 Ma [DePaolo, 1981a] . Younger rocks assumed to have been derived from oldest source as it evolved to a present-day ENd value of -14. The peak at ENDS-13 in the predicted histogram (Figure 2g) 
the mafic lower crust would have low present-day /•Nd values that are similar to the average of exposed Proterozoic crust (Figures 2g and 3).
It is likely that the lower crust is more mafic than the middle and upper crust [e.g., Rudnick and Taylor, 1987] , and the possibility that the Nd isotope composition of the exposed crust does not reflect that of the lower crust must be assessed. Amphibolite, granulite, and eclogite facies [Verma, 1984] . have ENd values of-5.9 to -6.9 (Figure 8) Primitive basalts in the northern Rio Grande riff region were erupted after initiation of regional extension within, and along the margins of, the broad middle-Tertiary volcanic field that includes the Sawatch Range calderas and the San Juan and Latir volcanic fields [Steven, 1975] Calling upon a relatively high-eNd lower crust as an explanation for deriving the ash flow tuffs by crustal melting predicts that Nd and Pb isotope ratios of volcanic rocks should be anticorrelated. Magmas that were generated by partial melting of mafic lower crust that was not as LREE enriched as the exposed crust should have relatively high The largest volumes of basaltic magma are required to generate silicic magmas in models 1 and 2 (above). Production of silicic magmas by AFC will require of the order of 10 km 3 of basalt magma to produce 1 km 3 of rhyolite magma. Although the contaminated precursor magmas envisioned in model 2 (above) probably involved less extensive crystallization than that required in the first model, additional basaltic magma is required to melt the contaminated precursor magmas; a mafic:silicic ratio of the order of 10:1 also seems appropriate for model 2.
Although smaller volumes of basaltic magma are required to generate silicic magmas in model 3 (above), the volumes are still substantial. Because the enthalpy of fusion for common silicate minerals in mafic and silicic rocks are similar within a factor of two [e.g., Robie et al., 1978] , approximately 1 km 3 of basaltic magma will be required to generate 1 km 3 of rhyolitic magma by crustal anatexis; it seems likely that larger amounts of basaltic magma often will be required, because some mafic magmas may undergo only limited crystallization, and substantial heat losses may occur through convection and conduction. Additional basaltic magma is, of course, required for the mafic component involved in mixing. All three models, therefore, require substantial volumes of mafic magma to generate and sustain silicic volcanism at the caldera complexes discussed here. Distinction between these models require detailed petrologic studies of caldera complexes that contain premonitory mafic-and intermediate-composition lavas, so that possible genetic links between the silicic and mafic parts of the system can be tested. 
Evidence for Basalt Underplating From Geophysical and Petrologic Studies of the Lower

Relations of Magma Sources and Tectonic Setting
Regardless of the tectonic setting in which large-volume ash flow tuff eruptions occurred in western North America, all of the silicic magmas contained a major mantle component, that in some cases appears to be >50%. Although the discussion above suggests that large volumes of mantlederived basaltic magmas were emplaced into the crust in all regions of caldera formation in western North America, regardless of the amount of extension, injection of voluminous basaltic magmas is not uniformly correlated with the onset of extension and cannot, therefore, be called upon as the uniform driving mechanism for extension [e.g., Gans, 1987; Fountain, 1989] . The common thread to all caldera complexes is that when they are formed, they are fundamentally associated with large volumes of basaltic magma that were injected into the crust.
Temporal Evolution and Modification of the Crust
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